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(54) Modular architecture for industrial power delivery system 



(57) An industrial power delivery system configured 
in a modular architecture and having a plurality of mod- 
ules. The modules interconnect via digital communica- 



tion links and exchange data using a digital format. The 
modularity of the system enables the system to be 
scaled to vary future content of the product. 
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Description 

BACKGROUND 

1. Technical Field 

[0001] The present invention relates generally to in- 
dustrial power delivery systems and, more particularly, 
to an industrial power delivery system having a modular 
architecture with digital communications links intercon- 
necting the modules. 

2. Discussion 

[0002] Conventional power delivery systems are typ- 
ically serviced by power supplies which are specifically 
designed for that particular application. These power 
supplies, however, lack modularity and flexibility for ex- 
pansion in order to facilitate design and manufacture. 
Further, such power supplies do not typically include 
fault tolerant communications between modules. Fur- 
ther yet, such power supplies have limited redundancy 
and power handling capability. 

[0003] With reference to a specific application, mate- 
rial processing such as plasma deposition and sputter- 
ing through the utilization of plasmas has been known 
for many years. These processes require power delivery 
systems. Such processes generally require generation 
of either a radio frequency (RF) or high voltage direct 
current (DC) power signal coupled to a plasma chamber. 
Generating a power signal generally entails chopping 
and rectifying relatively high voltages, such as 270 Volts 
DC. The chopping and rectifying process generates 
spurious electric and magnetic fields that couple into 
nearby circuitry resulting in a relatively high electrical 
noise environment. The spurious fields that couple into 
data circuitry may cause a degradation in signal quality 
leading to possible data corruption. High-speed data 
communication lines are particularly susceptible to sig- 
nal degradation and data corruption due to the relatively 
low noise signal amplitudes required for high speed 
communications. 

[0004] Thus, it is desirable to provide a power supply 
which enables design flexibility and scalability for an in- 
dustrial power delivery system and provides data com- 
munications unaffected by the power supply environ- 
ment. 

SUMMARY OF THE INVENTION 

[0005] This invention is directed to a power generator 
system including a power module for receiving an elec- 
trical energy input and generating an electrical energy 
output, the power module includes a digital control input. 
A sensor module monitors the output of the power mod- 
ule. The sensor module includes a digital sensor output 
and generates a digital sensor signal on the digital sen- 
sor output that varies in accordance with the electrical 



energy output. A control module has a digital measure- 
ment input for receiving the sensor signal. The control 
module determines parameters that vary in accordance 
with the electrical energy output. The control module in- 
5 eludes a digital control output connected to the digital 
control input. The control module generates a control 
signal applied to the digital control input for controlling 
the power module. 

[0006] This invention is also directed to a power de- 
10 livery system that receives an input power and gener- 
ates an output power to a load. The power delivery sys- 
tem includes a power generator which receives the input 
power and generates the output power. The power gen- 
erator includes a first digital interface. An impedance 
15 matching network is interposed between the power gen- 
erator and the load. The impedance match network in- 
cluding a second digital interface. An output sensor is 
disposed in proximity to the load and senses a param- 
eter associated with the power generator output. The 
output sensor includes a third digital interface and gen- 
erates a digital sensor signal via the third digital inter- 
face that varies in accordance with the sensed param- 
eter. A controller receives the sensor signal and deter- 
mines a control signal for output to the power generator. 
The controller includes a fourth digital interface and gen- 
erates the control signal via the fourth digital interface 
for communications with the first digital interface. The 
power generator varies the output power in accordance 
with the control signal. 

[0007] For a more complete understanding of the in- 
vention, its objects and advantages, reference should 
be made to the following specification and to the accom- 
panying drawings. 



[0008] The drawings, which form an integral part of 
the specification, are to be read in conjunction therewith, 
and like reference numerals are employed to designate 
40 identical components in the various views: 

Fig, 1 depicts a block diagram of a plasma chamber 
control system having a power delivery system ar- 
ranged in accordance with the principals of the 
45 present invention; 

Fig. 2 is a block diagram of a power delivery system 
of Fig. 1 arranged in accordance with the principles 
of the present invention; 

Fig. 3 is a block diagram of the power generator of 
50 Fig. 2; 

Fig. 4 is a block diagram of an alternate arrange- 
ment of the power generator of Fig. 2; 
Fig. 5 is a star network configuration for linking the 
modules of the present invention; 
55 Fig. 6 is a more generalized star network configu- 
ration for linking the modules of the present inven- 
tion; and 

Fig. 7 is a bus network configuration for intercon- 
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necting the modules arranged in accordance with 
the principals of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] Fig. 1 depicts a plasma control system 10 ar- 
ranged in accordance with the principles of the present 
invention for controlling a plasma chamber 12. Plasma 
control system 10 includes a plasma chamber 12, such 
as may be used for fabricating integrated circuits. Plas- 
ma chamber 12 includes one or a plurality of gas inlets 
14 and one or a plurality of gas outlets 1 6. Gas inlet 14 
and gas outlet 16 enable the introduction and evacua- 
tion of gas from the interior of plasma chamber 12. The 
temperature within plasma chamber 12 may be control- 
led through a heat control signal 18 applied to plasma 
chamber 12. 

[0010] A plasma controller 20 receives inputs from the 
plasma chamber 1 2. These inputs include a vacuum sig- 
nal 22 which indicates the level of vacuum in plasma 
chamber 12, a voltage signal 24, and a signal 26 indi- 
cating the ratio of flows between the inlet and the outlet 
gases. As one skilled in the art will recognize, other in- 
puts/outputs may be received/generated by plasma 
controller20. Plasma controller 20 determines a desired 
input powerto be applied to plasma chamber 1 2 through 
a power delivery system 28, as will be described in 
greater detail herein. Power delivery system 28 outputs 
a predetermined electrical signal at a predetermined fre- 
quency and power rating. The voltage output from pow- 
er delivery system 28 is applied to plasma chamber 12 
in order supply sufficient energy to operate plasma 
chamber 12. 

[0011] Fig. 2 depicts a block diagram of power deliv- 
ery system 28. Power delivery system 28 includes a de- 
livery system 30 which includes a power generator or 
power generator module 32. Power generator 32 re- 
ceives an input signal, such as an alternating current 
(AC) input signal from AC input/main housekeeping 
module 34. Power is received by AC input 34 through 
an AC receptacle 36. AC input 34 conditions the AC sig- 
nal for application and inputto power generator 32. Pow- 
er generator 32 is embodied as any device which con- 
verts an input signal to a predetermined output signal. 
AC input 34 also converts the AC input signal to a low 
level direct current (DC) signal for powering logic level 
components. 

[0012] Preferably, power generator 32 is configured 
to output a radio frequency (RF) signal by converting the 
AC input to a predetermined DC voltage. A pair of 
switches, such as a push pull amplifier configuration, in 
turn converts the DC voltage to an RF output voltage 
which may be filtered prior to output from power gener- 
ator 32. The operation of power generator 32 may be 
any type of conventional operation known in the art, in- 
cluding single and two stage conversions. 
[0013] Of particular interest to the subject invention is 
the interconnection between the modules of power de- 



livery system 28 and power generator 32, as will be de- 
scribed herein. Power generator 32 generates an output 
voltage to an impedance match network or module 38 
prior to application to a load 40. Impedance match mod- 
5 ule 38 typically provides a variable impedance between 
power generator 32 and load 40 in order to maintain a 
predetermined impedance at the output of power gen- 
erator 32, typically 60 ohms. 

[0014] An output metrology module or output sensor 
10 42 receives the power output from impedance match 
network 38 prior to application to load 40. Output sensor 
42 measures predetermined parameters found in the 
output from impedance match network 38. For example, 
output sensor 42 may measure one or a plurality of pa- 
rameters including voltage, current, power, frequency, 
phase, or other parameters of interest in generating a 
power output to load 40. 

[0015] Both impedance match network 38 and output 
sensor 42 generate data signals to delivery system con- 
troller 44. Delivery system controller 44 receives data 
signals from one or both impedance match network 38 
and output sensor 42. Delivery system controller 44 re- 
ceives the data and generates at least one of a control 
or data signal to power generator 32, as will be de- 
scribed in greater detail herein. Delivery system control- 
ler 44 may also generate control signals to or exchange 
data with each of match network 38 and output sensor 
42. 

[0016] Delivery system controller 44 also exchanges 
data and control signals with an input/output (I/O) adapt- 
er or adapter module 46, also known as a peripheral op- 
tional device (POD). I/O adapter 46 enables communi- 
cations with external devices, such as an overall system 
controller, plasma system controller, test module, user 
input module, or other modules which may desire to 
share data with or control operation of delivery system 
30. Delivery system controller 44 also exchanges data 
and control signals with AC input 34 to enable control of 
AC input 34. 

[0017] A particular feature of the subject invention is 
directed to communications between various modules 
of power delivery system 28. More specifically, delivery 
system controller 44 functions as a common controller 
core which interconnects system and subsystem mod- 
ules via high speed, digital communications links 33, 35 , 
39, 43, and 47. These communications links enable sin- 
gle or bidirectional communications for data and control 
signals as design criteria dictates. Communications link 
33 interconnects power delivery system 44 with delivery 
system controller 44 to enable high speed, bidirectional 
communications. Communications link 39 intercon- 
nects impedance match network 38 with delivery sys- 
tem controller 44 as required. Communications link 35 
interconnects AC input 34 with delivery system control- 
ler 44. Communications link 43 interconnects output 
sensor 42 with delivery system controller 44 as required. 
Communications link 47 interconnects I/O adapter 46 
with delivery system controller 44. 



20 



25 



30 



35 



40 



45 



50 



3 



5 EP 1 248 343 A2 6 



[0018] As will be described herein, such a configura- 
tion enables systems with different features to be as- 
sembled independently of the technologies utilized in 
the modules. Accordingly, power delivery system de- 
signs of varying scope and complexity may be devel- 
oped more quickly and more reliably. 
[0019] Delivery system controller 44 communicates 
with each of power generator 32, impedance match net- 
work 38, output sensor 42, AC input 34, and I/O adapter 
46 using a digital communications protocol, which pref- 
erably is a high speed digital communications protocol. 
The protocol may include error detection and correction 
to improve reliability of communications between sys- 
tem controller 44 and each device with which power con- 
troller 44 exchanges data. Such a protocol enables con- 
trol and feedback signals to have a very high dynamic 
range compared to traditional analog methods for con- 
trol and measurement. To effect the digital communica- 
tions, each module described herein may have a digital 
communications port, and each communications link 
functions cooperatively to define a digital interface be- 
tween the connected modules to exchange data and 
control signals. 

[0020] More specifically, power delivery system 44 
communicates with the modules in a technology-inde- 
pendent manner across the communications links 33, 
35, 39, 43, and 47 so that data may be encoded forcom- 
munications between, for example, power delivery sys- 
tem controller 44 and impedance match network 38, out- 
put sensor 42, AC input 34, and I/O adapter 46. That is, 
data is exchanged using a protocol rather than tradition- 
al analog voltages, which can be sensitive to noise. The 
data communications between the respective modules 
transfer values rather than signal levels indicative of a 
value. For example, if output sensor 42 measures one 
or all of voltage, current, or power, output sensor 42 out- 
puts a digital signal to indicate respective volts, am- 
peres, or watts. In such a configuration, the modules op- 
erate independently of methods used for determining 
these quantities. The modules simply determine the val- 
ue of the quantity of interest. As an added benefit, the 
modules are redesigned, the redesigned modules may 
be substituted so long as they use the predetermined 
communications protocol. 

[0021] In the block diagram of Fig. 3, power generator 
32 includes one or a plurality of modules interconnected 
using digital communication links 49a, 49b, 49c, 55, 51 , 
and 61 , which operate similarly to those described with 
respect to power delivery system 28 of Fig. 2. Power 
generator 32 is particularly directed to flexibility in pro- 
viding power modules so that the power output of power 
generator 32 may be scaled in accordance with the par- 
ticular design requirements. Power generator 32 in- 
cludes a plurality of power modules 48a, 48b, 48c. Pow- 
er modules 48 receive an input power from AC input/ 
main housekeeping module 50, which operates as de- 
scribed above with respect to Fig. 2, and generates an 
output power. The output power is applied to combiner 



module 52. 

[0022] Combiner module 52 receives the respective 
outputs from power module 48a, 48b, and 48c and com- 
bines the outputs for application to sensor module 54. 
5 Sensor module 54 may operate similarly as described 
with respect to output sensor 42 of Fig. 2. More partic- 
ularly, sensor module 54 may monitor particular param- 
eters of the output power generated by power generator 
32. That is, sensor module 54 senses parameters in the 
10 output power generated by power generator 32 prior to 
application to impedance match network 38 of Fig. 2. 
On the other hand, output sensor 42 measures prede- 
termined parameters prior to application of the output 
power to load 40. 
is [0023] Power generator 32 also includes a control 
module 57 including common controller core 56. Com- 
mon controller core 56 operates as a local controller for 
power generator 32. Common controller core 56 is in- 
terconnected to an excitation/metrology module 58, 
which also forms part of control module 57. Control mod- 
ule 57 exchanges data and control commands with a 
predetermined, variable number of power modules 48, 
such as power modules 48a, 48b, 48c, sensor module 
54, and AC input 50 via digital communications links 
49a, 49b, 49c, 55, and 51 . The number of power mod- 
ules varies in accordance with the desired output of 
power generator 32. Control module 57 also exchanges 
data and control commands with I/O adapter 60 via dig- 
ital communications link 61 . 

[0024] Excitation/metrology module 58 receives data 
from sensor module 54 and general parameters of op- 
eration from common controller 56. Control module 57 
and its components then generates control commands 
to operate each of respective power modules 48a, 48b, 
48c in order to vary the power output from each power 
module 48a, 48b, 48c, prior to application to combiner 
module 52. Data may be exchanged between each of 
these modules as described above with respect to Fig. 
2. In particular, excitation/metrology module 58 ex- 
changes data with each of power modules 48a, 48b, 
48c, sensor module 54, AC input 50, and I/O adapter 60 
utilizing digital communications implementing any of a 
number of predetermined communications protocols. 
[0025] Fig. 4 depicts a block diagram of an alternative 
embodiment of power generator 32. The power gener- 
ator 32 of Fig. 4 is similar to power generator 32 of Fig. 
3 with the exception that power modules 48a, 48b, 48c 
do not all feed combiner module 52, as will be described 
in greater detail herein. Because of similarities between 
Figs. 3 and 4, like reference numerals from Fig. 3 will 
be used to refer to like elements in Fig. 4. 
[0026] The components of Fig. 4 operate similarly as 
described in Fig. 3 with the exception that the outputs 
from each respective power module 48a, 48b, 48c, are 
combined to generate a pair of power outputs power out- 
put 1 and power output 2. Power module 1 48a provides 
an output to sensor module 54' which then provides 
power output 1 . As described above, sensor module 54' 
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may monitor particular perimeters of the output power 
generated by power module 1 48a. Similarly to Fig. 3, 
power module 2 48b and power module 3 48c provide 
respective outputs which are applied to combiner mod- 
ule 52. Combiner module 52 receives the respective 
outputs from power modules 48b and 48c and combines 
the outputs for application to sensor module 54". Sensor 
module 54" senses parameters in the output power gen- 
erated by power generator 32 prior to application to im- 
pedance match network 38 of Fig. 2. Sensor module 54" 
provides an output signal on communications link 59 to 
excitation/metrology module 58, which operates as de- 
scribed above. 

[0027] The configuration of Fig. 4 provides flexibility, 
such as may be required when power generator 32 must 
generate dual frequency outputs. In this manner, power 
module 48a may output a first frequency, and power 
modules 48b and 48c may output a second frequency. 
As shown in Fig. 3, power modules 48b and 48c are 
combined by combiner module to provide a higher pow- 
er output at the second predetermined frequency. 
[0028] Power generators 32 of Figs. 3 and 4 may op- 
erate in conjunction with power delivery system 28 of 
Fig. 2. Alternatively, power generators 32 may operate 
independently and outside of a power delivery system 
to implement a less complex system. In such a config- 
uration, power generators 32 may also include an I/O 
input/output adapter module 60 to enable communica- 
tion with other devices as described above with respect 
to Fig. 2. 

[0029] As discussed above, the modules described 
with respect to Figs. 2 and 3 may be interconnected and 
exchanged using a digital communications format. In- 
terconnection of the modules may be achieved using di- 
rect or network communications. Examples of network 
communications of the modules may be seen with re- 
spect to Figs. 5 through 7. In particular, Fig. 5 depicts a 
star network 66 having a plurality of modules M1 68, M2 
70, M3 72, M4 74, and M5 76. A plurality of communi- 
cations links interconnect each module with network 
controller or connector NC 78. For example, communi- 
cations link 80 interconnects module M1 68 with network 
controller NC 78. Communications link 82 interconnects 
module M2 70 with network controller NC 78. Commu- 
nications link 84 interconnects module M3 72 with net- 
work controller NC 78. Communications link 86 inter- 
connects module M4 74 with network controller NC 78. 
Communications link 88 interconnects module M5 76 
with network controller NC 78. Star network 66 enables 
each respective module M1 through M5 to communica- 
tion directly with each of another respective module 
through network controller NC 78. 
[0030] Fig. 5 depicts a network 90 having a plurality 
of modules M1 92, M2 94, M3 94, M3 96, M4 98, and 
M5 100. The modules of network 90 communicate di- 
rectly and without the need for a network controller, as 
each module operates as a network controller. For ex- 
ample, communications link 104 interconnects module 
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M1 92 with module M2 94. Communications link 106 in- 
terconnects module M1 92 with module M3 96. Commu- 
nications link 108 interconnects module M1 92 with 
module M4 98. Communications link 110 interconnects 

5 module M1 92 with module M5 100. Communications 
link 114 interconnects module M2 94 with module M3 
96. Communications link 116 interconnect module M2 
94 with module M4 98. Communication link 118 inter- 
connects module M2 94 with module M5 1 00. Commu- 

io nications link 122 interconnects module M3 96 with 
module M4 98. Communications link 124 interconnects 
module M3 96 with module M5 100. Communications 
link 126 interconnects module M4 98 with module M5 
100. 

15 [0031] Network 90 enables each respective module 
M1 through M5 to communication directly with each of 
another respective module. Each module M1 through 
M5 inherently functions as a network controller to select 
the best path between any two modules. Communica- 
te tions need not occur directly module to module and may 
occur through modules. For example, module M1 92 
may communication directly with module M4 98 through 
communications link 108. Alternatively, module M1 92 
may communication with module M4 98 by first commu- 
25 nicating with M2 94 through communications link 104. 
Module M2 94 may then communicate with module M4 
98 through communications link 116. In the configura- 
tion of Fig. 6, each module operates as if in an internet- 
type configuration. 
30 [0032] Fig. 7 depicts an alternate network configura- 
tion. In particular, Fig. 6 depicts a bus network 130 hav- 
ing modules M1 132, M2 134, and M3 136. The modules 
M1 132, M2 134, and M3 136 communicate via a bus 
138. Accordingly, each module M1 132, M2 134, and 
35 M3 1 36 is addressable so that data may be exchanged 
via bus 138 using any of a number of bus addressing 
schemes. A plurality of communications links intercon- 
nect the modules to bus 138. In particular, communica- 
tions link 140 interconnects module M1 132 to bus 138. 
40 Communications link 1 42 interconnects module M2 1 34 
with bus 138. Communications link 144 interconnects 
module M3 136 with bus 138. 

[0033] The communication links described above are 
implemented utilizing single or multi-layer protocols, 

*s many of which are known in the art. Utilizing a multi- 
layer protocol enables substitution of modules and scal- 
ability of modules so long as each substituted or added 
module utilizes the particular layered protocol. Further, 
the communications links may be implemented using a 

50 number of known formats including low voltage differ- 
ential (LVD), fiber optic cables, infrared transceivers, 
and wireless, radio communication techniques. Further 
yet, as discussed above, power generator 32 may be 
incorporated within power delivery system 28 or may op- 

55 erate independently of power delivery system 28. 
[0034] Accordingly, the invention described herein 
provides a modular architecture for an industrial power 
delivery system which is both modular and scaleable. 
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The power delivery system enables different features to 
be assembled independently of the technologies used 
in the modules. Accordingly, power delivery products 
with expanded or reduced capabilities can be produced 
much more quickly. 

[0035] While the invention has been described in its 
presently preferred form, it is to be understood that there 
are numerous applications and implementations for the 
present invention. Accordingly, the invention is capable 
of modification and changes without departing from the 
spirit of the invention as set forth in the appended claims. 



Claims 

1 . A power generator system comprising: 

a power module for receiving an electrical en- 
ergy input and generating an electrical energy 
output, the power module having a digital con- 
trol input; 

a sensor module for monitoring the output of 
the power module, the sensor module having a 
digital sensor output and generating a digital 
sensor signal on the digital sensor output that 
varies in accordance with the electrical energy 
output; and 

a control module having a digital measurement 
input for receiving the sensor signal, the control 
module determining parameters that vary in ac- 
cordance with the electrical energy output, the 
control module including a digital control output 
connected to the digital control input, the con- 
trol module generating a control signal applied 
to the digital control input for controlling the 
power module. 

2. The power generator system of claim 1 further com- 
prising a data link interconnecting at least a pair of 
the sensor module, the control module, the power 
module, an AC input module, and an input/output 
adapter module to enable communications there- 
between. 

3. The power generator system of claim 2 wherein the 
data link further comprises one of a low voltage dif- 
ferential communications link, a fiber optic commu- 
nications link, an infrared communications link, a 
line of sight optical communications link, and a wire- 
less communications link. 

4. The power generator system of claim 2 wherein the 
data link implements a predetermined communica- 
tions protocol. 

5. The power generator system of claim 2 wherein the 
communications protocol includes error detection. 
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6. The power generator system of claim 1 wherein the 
modules are interconnected in a communications 
network. 

5 7. The power generator system of claim 1 further com- 
prising a plurality of power modules, each power 
module receiving an electrical energy input and 
generating an electrical energy output, each power 
module having a digital control input, each digital 

10 control input receiving a control signal from the 
measurement module for varying the electrical en- 
ergy output. 

8. The power generator system of claim 7 further corn- 
's prising a power combiner, the power combiner re- 
ceiving the electrical energy output from at least two 
of the plurality of power modules and generating a 
combined electrical energy output in accordance 
therewith. 

9. A power delivery system receiving an input power 
and generating an output power to a load compris- 
ing: 

a power generator, the power generator receiv- 
ing the input power and generating the output 
power, the power generator including a first dig- 
ital interface; 

an impedance matching network interposed 
between the power generator and the load, the 
impedance matching network including a sec- 
ond digital interface; 

an output sensor disposed in proximity to the 
load for sensing a parameter associated with 
the power generator output, the output sensor 
including a third digital interface and generating 
a digital sensor signal via the third digital inter- 
face that varies in accordance with the sensed 
parameter; and 

a controller receiving the sensor signal and de- 
termining a control signal for output to the pow- 
er generator, the controller including a fourth 
digital interface which receives the sensor sig- 
nal and generating the control signal via the 
fourth digital interface for communications with 
the first digital interface, wherein the power 
generator varies the output power in accord- 
ance with the control signal. 

10. The power delivery system of claim 9 wherein the 
power generator further comprises: 

a power module for receiving an electrical en- 
ergy input and generating an electrical energy 
output, the power module includi ng a fifth digital 
interface; 

a sensor module for monitoring the output of 
the power module, the sensor module having a 
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and generating an output power to a load compris- 
ing: 

a power generator, the power generator receiv- 
5 ing the input power and generating the output 

power; 

an impedance matching network interposed 
between the power generator and the load; 
an output sensor disposed in proximity to the 
10 load for sensing a parameter associated with 

the output power, the output sensor generating 
a digital sensor signal that varies in accordance 
with the sensed parameter; 
a controller receiving the sensor signal and de- 
15 termining a digital control signal for output to 

the power generator, wherein the power gener- 
ator varies the output power in accordance with 
the control signal; and 

a digital interface interconnecting the controller 
20 and at least one of the power generator, the im- 

pedance matching network, and the output 
sensor, wherein the digital sensor signal and 
the digital control signal are communicated via 
the digital interface. 

25 

18. The power delivery system of claim 1 7 wherein the 
digital interface comprises one of a low voltage dif- 
ferential communications link, a fiber optic commu- 
nications link, an infrared communications link, a 
30 line of sight optical communications link, and a wire- 
less communications link. 
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sixth digital interface and generating a digital 
sensor signal on the sixth digital sensor inter- 
face that varies in accordance with the electri- 
cal energy output; and 

a control module having a seventh digital inter- 
face for receiving the sensor signal via the sixth 
digital interface, the control module determin- 
ing parameters that vary in accordance with the 
electrical energy output, the seventh digital in- 
terface and the fifth digital interface being inter- 
connected, wherein the control module gener- 
ates a control signal for output through the sev- 
enth digital interface for input to the power mod- 
ule via the fifth digital interface. 

11. The power delivery system of claim 9 further com- 
prising a plurality of power modules, each power 
module receiving an electrical energy input and 
generating an electrical energy output, each power 
module having a fifth digital interface, each fifth dig- 
ital interface receiving a control signal from the 
measurement module for varying the electrical en- 
ergy output. 

12. The power delivery system of claim 1 1 further com- 
prising a power combiner, the power combiner re- 
ceiving the electrical energy output from at least two 
of the plurality of power modules and generating a 
combined electrical energy output in accordance 
therewith. 

13. The power delivery system of claim 9 further com- 
prising a digital data link interconnecting at least two 
digital interfaces to enable communications be- 
tween the respective digital interfaces. 

14. The power delivery system of claim 13 wherein the 
data link further comprises one of a low voltage dif- 
ferential communications link, a fiber optic commu- 
nications link, an infrared communications link, a 
line of sight optical communications link, and a wire- 
less communications link. 

15. The power delivery system of claim 13 wherein the 
power generator, the impedance matching network, 
the output sensor, and the controller are intercon- 
nected in a network to enable communications ther- 
ebetween. 

16. The power delivery system of claim 9 further com- 
prising an alternating current (AC) input module, the 
AC input module receiving an AC signal and deliv- 
ering a DC signal to the controller, the AC input 
module having a fifth digital interface and exchang- 
ing at least one of data and control commands with 
the controller via the fourth digital interface. 

17. A power delivery system receiving an input power 



19. The power delivery system of claim 1 7 wherein the 
power generator, the impedance matching network, 

35 the output sensor, and the controller digital interface 
defines a network interconnecting the network. 

20. A power generator system comprising: 



40 a power module for receiving an electrical en- 

ergy input and generating an electrical energy 
output, the power module having a digital com- 
munications port; 

a sensor module for monitoring the output of 
45 the power module, the sensor module having a 

digital communications port and generating a 
digital sensor signal on the digital communica- 
tions port output that varies in accordance with 
the electrical energy output; 
50 a digital interface interconnecting the power 

module and the sensor module to enable digital 
communications therebetween; and 
a control module having a digital measurement 
input for receiving the sensor signal, the control 
55 module determining parameters that vary in ac- 

cordance with the electrical energy output, the 
control module generating a control signal for 
controlling the power module. 
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21. The power generator system of claim 20 wherein 
the digital interface comprises one of a low voltage 
differential communications link, a fiber optic com- 
munications link, an infrared communications link, 

a line of sight optical communications link, and a 5 
wireless communications link. 

22. The power generator system of claim 20 wherein 
the digital interface implements a predetermined 
communications protocol. 10 

23. The power generator system of claim 20 wherein 
the communications protocol includes error detec- 
tion. 

15 

24. The power generator system of claim 20 further 
comprising a plurality of power modules, each pow- 
er module receiving an electrical energy input and 
generating an electrical energy output, at least one 
power module power module communicating with 20 
the sensor module via the digital interface. 
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